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cording to the writer. Humboldt found it 56 kilometres long, and 
Herr von II esse-Wart egg only 49. Yet,while the former estimated 
the area of the lake at 424 square kilometres, the latter gives it 
at 587. The author gives many interesting details, not only 
about the lake, but also about the region in which it is situated. 
To the same number Dr. O. Kriimmel contributes a paper, in 
which he endeavours to solve the old problem of the Euripus. 

The last supplementary issue (No. 91) of Petermanns 
Mitteilungen contains, according to its title, an account of a 
journey from Hankow to Soochow, and of journeys in Central 
and Western China between 1879 and 1881. The contents of 
this particular paper are misdescribed, for it contains only the 
record of a journey in 1875 from Shanghai to Hankow on the 
Yang-tsze, thence by the Han River through the Hupeh, Honan, 
and Shensi provinces to Lanchow in Kansu, and thence to 
Soochow, close to the Great Wall and the Mongolian deserts, 
where Herr Michaelis, the writer, remained for some time, and 
carried out certain explorations in the neighbourhood. Possibly 
another part or other parts are to follow, of which there is at present 
no indication. Herr Michaelis was employed in 1874 ns a mining 
expert by the late Viceroy and General Tso Tsung Tang, who 
had just then chased the Mahommedan rebels out of the Shensi 
and Kansu provinces, and was about to begin his famous march 
to Kashgar. He was to investigate the region both within and 
without the Great Wall for mineral deposits, and especially for 
gold. Herr Michaelis met Count Szchenyi and his party in 
Soochow, and naturally a good deal of the ground he traversed 
has already been described by Lieut. Kreitner, who was surveyor 
to tHe Szchenyi Expedition, in his well-known book, “ Im Fernen 
Osten.” The paper is accompanied by three excellent route maps. 


MOLECULAR PHYSICS: AN ATTEMPT AT A 
COMPREHENSI VE D YNA MICA L TREA T- 
MENT OF PHYSICAL AND CHEMICAL 
FORCES> 

IV. 

§ 16. Electrical Actions . 

T follows from the principle of the conservation of energy 
that the processes which give rise to electrical excitation 
can themselves be called into play by electrical action. 

The heating of a conductor by the passage of an electric 
current is easily explained on the author’s theory that electrical 
conduction is effected by means of molecular vibrations. The 
electric spark he considers to be due to the separation of par¬ 
ticles of the conductor heated in this manner. 

The author explains the Peltier effect in the following manner. 
Let a closed metallic circuit be formed, consisting of two metals, 
soldered together at the points I. and II., and suppose the 
circuit to be traversed by a current flowing through the junction 
I., from the less easily excited metal A to the more easily ex¬ 
cited metal B. The molecules of the metal A will then, by 
hypothesis, easily be thrown into vibration ; the metal A will 
therefore be more heated than B, and will, moreover, be a worse 
conductor of heat than B. The heat excited in A at the junction 
I. will therefore be carried to warm the junction II. in the same 
direction as the current ; it will then accumulate at this junction, 
for A, being the worse conductor, will carry away less heat from 
the junction II. than is carried to it through B. The junction II. 
will therefore be heated, while the junction I. will be cooled. 2 

The direct production of light by electrical action has already 
been considered in § 14 (October 11, p. 581). It is clear that 
secondary luminous phenomena may also come into play! 

Both chemical combination and decomposition may be effected 
by means of electrical action. The author selects, as an example 
of the former, the combination of a mixture of oxygen and 
hydrogen to form water when traversed by electric sparks, which 
he considers to be due to the absorption by the molecules of the 
radiant electrical energy proceeding from the positive pole. The 
motion of the atoms would be acce’erated, and the number of 
impacts increased, giving rise to a series of phenomena similar to 
those described in § 8 3 (September 6, p. 460). The internal 

* A Paper read before the Physico-Economic Society of Konigsberg, by 
Prof. F. Lindemann, on April 5, 1888. Continued from vol. xxxviii. p. 581. 

2 In the original, some confusing mi>prints occur in this paragraph, viz. 
p 38, second line, besser should be -schleckter, and in the third and fourth 
lines A and B should be interchanged.—G. W. de T. 

3 Since the oxygen and hydrogen molecules are electrically excited to 
different degrees, they will attract one another. A hydrogen molecule will 
therefore impinge upon an oxygen molecule more often than upon another 
hydrogen molecule, thus increasing the chemical action. 



vibrations of the newly-formed molecule will tend towards a 
steady state, in which the internal energy is as small as possible. 
Hydrogen and oxygen will unite to form water, supposing the 
molecules of the latter to be less electrically sensitive than those 
of its constituents. We should therefore conclude, from the fact 
that combination occurs under these circumstances, that water 
is only very slightly sensitive to electrical excitation, which is in 
agreement with the observed fact that pure water is an exceedingly 
bad conductor of electricity. 

The decomposing action of electricity is exhibited in electro¬ 
lytic phenomena. These occur in the inverse order to the 
chemical actions which serve to produce the current. The 
action is supposed by the author to take place as follows. The 
fluid receives electrical energy from the positive electrode, which 
excites electrical vibrations in the molecules immediately sur¬ 
rounding it. These vibrations are transmitted through the fluid 
according to the ordinary laws of hydrodynamics, but this would 
not necessarily give rise to an electric current through the liquid, 
for an accumulation of electricity may take place even in non¬ 
conductors. In consequence of these vibrations, however, the 
molecular impacts will occur more frequently, and a new steady 
state will be set up, provided such is possible, in which the 
internal energy has a smaller value than before. Decomposition 
will therefore take place if the separate constituents are less 
sensitive to electrical vibrations than when in combination, as 
their electrical energy will then be less than that of the com¬ 
pound. One of the constituents will, however, be excited to- 
a greater extent than the other, and the one which is least ex¬ 
cited will be attracted more strongly by the anode than the more 
highly excited one. The latter constituent will not, therefore, 
move towards the kathode with a definite velocity, bat will 
remain where it is, and re-enter into combination with the oppo¬ 
site constituent of a neighbouring molecule. This would appear 
at first to be in contradiction with the assumption that the 
compound is more sensitive to electrical vibrations than its con¬ 
stituents, but the apparent contradiction is explained by the 
consideration that the internal energy lost during the decompo¬ 
sition of the first molecule must reappear in the form of external 
energy—that is to say, in the form of heat ; and the heat thus 
set free will supply the elec'.rical energy necessary to cause the 
recombination. This gives an explanation of the “migration 
of the tons.” From particle to particle during this migration* 
alternate transformations of electrical energy into heat, and of 
heat into electrical energy, take place. A certain amount of 
electrical energy will be lost during the process—namely, the 
amount transformed into heat during the decomposition of the 
first molecule, and the heat developed in the solution will raise 
its temperature to such an extent as to cause a recombina¬ 
tion between the products of the decomposition set free at the 
electrode—a result which is in agreement with observation. 1 

§ 17. Rotation of the Plane of Polarization. 

One of the principal arguments in favour of Maxwell’s electro¬ 
magnetic theory of light is, that it gives an explanation of the 
rotation of the plane of-polarization by an electric current on 
the assumption of the existence of molecular vortices. It is- 
therefore of considerable importance to determine how far the 
author’s theory is capable of explaining the same phenomenon. 
Suppose a right-handed spiral to be wound round the axis of X, 
proceeding from the origin in the positive direction. A current 
flowing through the spiral away from the origin will then pro¬ 
duce a north pole at the origin and a south pole at the other 
extremity of the spiral. Let a ray of plane-polarized light 
traverse the solenoid in the direction of the axis, then every 
point on the axis will move in a short rectilinear path perpen¬ 
dicular to it. Now an electric current has been defined as 
consisting in a disturbance of the molecular equilibrium of the 
conductor, propagated along the conductor with great velocity 
by radiation from molecule to molecule through the intervening 
ether. The electrical vibrations may be assumed to take place 
in the conductor in every direction, as in the case of heat-waves 
and, as a special case, a disturbance of equilibrium taking place 
in a single direction only must give rise to an electric current, 
so that every motion of the ether in a definite direction must be 
equivalent to an_ electric current. Motions of any great extent 
do not come into consideration, for every disturbance in the 
equilibrium of the ether must consist in vibrations; but, how¬ 
ever small the light-vibrations may be, they must be considered, 

1 See von Helmholtz’s “ Wissenschaftliche Abhandlungen,” vol. ii. p. 958, 
■et seq. 
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in virtue of previous assumptions, to be extremely large rela- 
tively to electrical vibrations. The path described by an ether 
particle originally lying in the axis must therefore be regarded 
as an alternating electric current of finite length perpendicular 
to the axis. > It must therefore be a current of varying velocity, 
the velocity having its maximum value when the particle is cross¬ 
ing the axis, and becoming zero at the extremities of its path. 
Such a current will be deflected by the north pole of the solenoid 
with a force proportional to the velocity, and therefore the half- 
vibration will assume the form of a semicircular arc as in the 
case of an electric arc deflected by a magnet, the ends of the 
arc coinciding with the ends of the original rectilinear path. 
The particle during the second half of the vibrations will be 
deflected in the opposite direction, and therefore will return 
along the other half of the circle. The effect of the electric 
current in the solenoid will therefore be to transform the plane- 
polarized ray of light into a circularly-polarized ray. 1 

The circular motion of the ether particles will be in the oppo¬ 
site direction to that of the current in the solenoid; the small 
circular current will therefore correspond to a small magnet with 
its south pole directed towards the origin. The north pole 
of the solenoid will therefore attract these circular currents, and 
diminish the rate of propagation of the wave of light along the 
axis, as each of the circles will tend to approach the north pole 
of the solenoid. The effect of this motion, again, will be to 
produce an induction current in the circle in the opposite direc¬ 
tion to the former one, and the circle will come to rest in a new 
position determined by the condition that these two currents 
shall be in equilibrium. The induced current will be repelled 
from the north pole, and all these induced currents will form a 
second ray circularly polarized in the opposite direction to the 
former one, and having a greater rate of propagation than the 
original plane-polarized ray. 

To obtain a mathematical representation of these results, sup¬ 
pose that we are looking from the origin along the axis of X 
with the axis of Y horizontally to the right and the axis of Z 
vertically upwards. The plane of XY may be taken as the 
plane of vibration of the incident ray, which will therefore be 
represented by the expression— 


y — a sin — (x — vt) = a sin 2tr| 


• • ( 37 ) 

This is equivalent to two opposite circularly-polarized rays of 
equal wave-length determined by the equations— 

y 1= a sin 2w(j. - Ej, 
a, = - a cos 2 tt( 

Vo = a sin 2 m — ~ _ ,, 

U tJ 
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Owing to the change in the velocity of propagation, X will be 
altered, and therefore also T if the medium is isotropic ; so that 
it will be more accurate to put— 

y 1 = a sin 2ir( — ■ - -* 


and 


z 1 = - a cos 27 r| 


y 2 = a sin 2ir\ 


%)’ 


(38) 
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Since the stationary node of the ray remains unaffected, 
-shall have— 


$„ = a cos 27 ri 


1 + ' = - 2 , 
A, A., A 


- + 1 = —. 
Tj T 2 T 


■ ( 39 ) 


1 A circularly-polarized ray will therefore behave like a solenoid, and 
deflect a magnetic needle, affording an example of a direct action of light 
upon magnetism. 


The electric current, consisting in the circular motion of one of 
the ether particles, will be of a special kind, as its velocity will 
be variable, the effect of which will be to increase its self-induc¬ 
tion. Any one of these circles will be acted on by the other 
circles, which are indefinitely near to it, and the resulting 
attractive and repulsive forces will affect the elastic force of the 
ether which originally determined the vibrations, so that a current 
of variable velocity must be considered as equivalent to a series 
of distinct currents following each other in succession, and 
having their velocities determined by the corresponding accelera¬ 
tions. To investigate this action, consider the two rectilinear 
components (38) of each of the circular currents. The induction 
of any rectilinear element on the parallel elements can be 
neglected, as the actions on each side of any element will be 
equal in amount, so that it will only be necessary to consider 
the vertical component of the induction. This is proportional 
to the change in dzjdt —that is, to d 2 z/dt 2 . The elastic force on 
the point x in the direction x + dx is therefore no longer of the 
form P . dy/dx , but of the form P . dyjdx — B . d'hjdC 2 , and 
therefore the force in the opposite direction obtained by replacing 
x by x — dx is— 


p'-(y 

dx 


dx 2 


+ B 

dx 1 dxdt 1 


So that the differential equation of the light-vibrations will be- 

a 
P~ 


d l y T d' 2 v -n dH 
P-~ = l 


r df 2 


dx 1 


B 

dxdt- 


This equation will, however, be modified by the action of the 
molecules on the light-vibrations, and introducing the corre¬ 
sponding term from (6) (August 23, p. 405), we have— 

d' 2 v jd 2 y f v B d 3 z , x 

p = E-N. 4- aw-cAXi - y) - — -——, . . (40) 
r dt- dx 2 * 1V 1 27 T dxdt 1 ' 


and similarly- 


d' z d“ z *>1/1 


B d 3 y , x 
- Nsp ■ ■ (403) 

27 T dxdt - 


The action of the molecule is the same along both the axes, 
so we may put zq 1 = c lr and x x /y = i|/(T) = x^/z 9 where i//(T) is a 
known function of T 2 determined from equation (4) (August 23, 
p. 405). 

Both the above equations will be satisfied by the functions 
and z 1 of (38), provided— 

j; = £ + a W T x) -i )+ « . . . ,( 4I ) 

And y . 2 and z 2 will also be solutions of-— 

BH - ^ T *> - - £• 


(42) 


The quantities X v X 2 . T l5 T 2 , are determined by the four 
equations (39), (41), and (42). 

The two waves (38) give together a new wave determined by 
the equations— 


tj = y 1 + y . 2 ~ 2a cos (p . sin 2ir 


(£-;> 


• • (43) 


where 


^ /x t \ 

J = 2j + ^ = - za sin <p . sin 2 tt / — - —^ ), 
x t 


* = „ ‘.+1 ). 
Va 8 Aj Tg V 

This new vibration will take place in the plane 


7 j sin (f> 4 - C cos (p = o, 

which makes an angle - with the plane of XY—that is, with 
the plane of the original vibration. 

If, therefore, d be the length of the solenoid, the plane of 
vibration will be rotated in the positive direction through the 
angle — 

*-'"(£- b — (•;■-)■> 

As the plane is determined by the value of tan <p , this 
equation shows that as the time increases \p will oscillate 
between certain fixed limits, the period of which being equal 
to i/Ti - i/T 2 will be too small to be observed. For all 
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practical purposes we may assume T x = T 2 , which will give as 
the angle of rotation— 


* = 




The assumption = T 2 is not in exact agreement with the 
foregoing equations for (41) and (42) give respectively— 


T 2 __ B , / a 7 B 

Aj i/T ; \ 4 

.... (45) 


Ag 2/T2 + \ l “ 2 " 

where fa and fa represent the indices of refraction of the medium 
for vibrations of the periods Ti and T 2 respectively. 

For T 2 — To, and therefore fa = ju 2 , it follows that— 



a„/ 


7 t 2 


■ . . (46) 


that is to say, the angle of rotation is inversely proportional to 
the square of the period of vibration, a result which is in 
approximate agreement with observation. 

We may bring this result into still closer agreement with 
experiment by observing that B itself is a function of T. Now B 
determines the inductive action of the solenoid on the small 
circle, and must therefore be the differential of a potential, and 
therefore inversely proportional to the square of the velocity of 
light. The latter is, however, not constant in the medium, as it 
is the reciprocal of the index of refraction, and therefore a known 
function of T. 

We may therefore put— 

B = ?C, * = * .(47) 


where C is a constant. The function ft? can be determined as in 
§ 2 (August 23, p. 404). If we take Cauchy’s approximate 
formula—• 


■—} -f - 2 
T 2 T 4 


we obtain an expression for if/ of exactly the same character 
as that which Boltzmann deduced from his experimental results. 

The direction of the rotation depends upon the relative values 
of Aj and A 2 . For T 1 = T 2 , (41) and (42) give i/A 1 >i/A 2 , and 
therefore if/!> o. If, however, T\ > T 2 , and 


_ P 


(<HT X ) 


then fa 2 <fa 2 for media of normal dispersive power, while for 
media of anomalous dispersive power fa 2 >fa~, and vice versd 
for T a < T 2 . Now, it was found that the velocity of propagation, 
v v of the first wave was diminished, while that of the second 
wave, v 2 , was increased, so that v 2 >v 1 . 

The equations (41) and (42) may be written— 
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Therefore when B is small enough we shall always have fa>fa, 
and therefore T x >T 2 in the case of anomalous dispersion, and 
Tj<T 2 in the case of normal dispersion. 

In the latter case— 

L - P\ 2 > 1 - p7 

V T/ V T/ 

But in the former case it may be the reverse. The rotation of 
the plane of polarization will therefore be generally in the 
positive direction, being negative only in media of anomalous 
dispersive power, always supposing that B does not exceed a 
certain fixed limit. This result is confirmed by the observed 
fact that the laevo-rotatory substances, chloride of iron, and 
chromic acid, give anomalous dispersion. According to jfCundt, 1 
iron is dextro-rotatory in spite of its anomalous dispersion, 
which may be explained by a large value of B, and, as a m'atter 
of fact, the angle of rotation is exceptionally large. Maxwell’s 
theory also led to the result that the angle of rotation is approxi- 

1 Sitzungsberichie tier Berliner Akademie, February 1888. 


mately inversely proportional to A 2 , but it gave no explanation of 
the decomposition of the ray into two circularly-polarized rays. 
Maxwell starts with the assumption of a circularly-polarized ray, 
and his A appears to represent the wave-length of this ray, and 
is therefore different from the A of the author. His theory rests 
on the assumption of the existence of molecular vortices, and 
therefore his differential equations are not the same as 
Lindemann’s (40) and (40a). 

It has been suggested that the electric current may possibly pro¬ 
duce a structure in the medium, similar to that already existing in 
crystals which rotate the plane of polarization. Hitherto, however, 
this hypothesis has not been of much use in explaining the pheno¬ 
menon, as no explanation has been given of the manner in which 
the ray is decomposed into two circularly-polarized rays such as 
occur, for example, in a crystal of quartz. The author endeavours, 
on the other hand, to explain the action of quartz on the hypothesis 
of an electro-magnetic effect of the ray of light passing through 
the crystal. There is, however, a difference between the two 
phenomena which has to be accounted for—namely, in the 
crystal the rotation is reversed when the direction of the ray is 
reversed, so that if the ray passes through the crystal, and re¬ 
turns along its own path, the total rotation is zero, while in the 
case of the solenoid the effect is to double the angle of rotation. 
The molecules of quartz must therefore be oppositely related to 
opposite directions, which seems to suggest that the arrangement 
may be due to the passage of the ray itself causing electric ex¬ 
citation in the quartz, and this is confirmed by the observed fact 
that quartz can be electrified by the action of light. Now suppose 
that the molecules of quartz are unequally susceptible to the 
electrical action of the ether in different directions, and suppose 
further that the molecules most sensitive to a ray in the direction 
of the axis are arranged in a spiral, having for its axis the 
principal axis of the crystal. Then a ray traversing the crystal 
in the direction of the axis will successively produce an electrical 
excitation at every point of this spiral, which will therefore act 
exactly as if the spiral were a conductor carrying a current. The 
effect on the ray will therefore be to decompose it into a pair of 
circularly-polarized rays differing in wave-length and in rate of 
propagation, and the plane of polarization will therefore be 
rotated. If the direction of the ray is reversed, the direction of 
the current in the spiral will be reversed, causing a rotation in 
the opposite direction. 

§ 18. Paramagnetism and Diamagnetism. 

According to the theory of the rotation of the plane of polar¬ 
ization which was developed in the last paragraph, an electric 
current traversing a medium excites small molecular currents, 
each one of which acts like a magnet. These currents as a 
whole cannot give rise to any magnetic action, since alternate 
currents flow in opposite directions, but this will not be the case 
if one set of currents is absorbed by the medium, and not the 
other, which will happen if one and only one of the wave-lengths 
and A 2 , which together give the wave of length A, is one of 
the critical wave-lengths for the molecules of the medium, while 
the other is not. 

The existence of Amperian currents in magnets can be ex¬ 
plained in a similar manner. Here the currents cannot be 
excited by the action of light, but it may be assumed that the 
molecules, even of rigid bodies, continuously perform small 
steady vibrations about their positions of equilibrium, and there¬ 
fore come into collision with the neighbouring molecules on 
every side, thereby exciting the internal critical vibrations, which 
are visibly communicated to the ether when the substance attains 
the temperature of redness. 

If such a substance is placed within a solenoid, the light- 
vibrations in the direction of its axis will remain unaffected, 
while the perpendicular ones will be decomposed into opposite 
circular vibrations ; and the same thing will happen to the com¬ 
ponents perpendicular to the axis of vibration in any other 
direction, the components parallel to the axis remaining un¬ 
changed. If one of these currents is absorbed, and the remaining 
one is in the same direction as the current in the solenoid—that is, 
with a right-handed rotation—the substance will be paramagnetic, 
while if the rotation is left-handed the substance will be dia¬ 
magnetic. In order that a sufficiently large number of vibrations 
should be absorbed, the substance must have a large number of 
critical periods, and therefore its spectrum must contain a large 
number of lines, a result which agrees with the fact that the 
spectrum of iron contains a larger number of lines than that of 
any other known element. 
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Whether a substance will be paramagnetic or diamagnetic will 
depend, in the first place, on the distribution of lines in its 
spectrum, and also upon the relative values of T x and T. 2 , 
calculated from equations. (39) to (42), and therefore upon the 
other molecular constants which determine the relation between 
the wave-length and the period of vibration. The fact of the 
magnetic behaviour of a substance being partly determined by 
the values of these molecular constants would appear to make it 
impossible to predict its magnetic properties from the nature of 
its spectrum only. It is clear that, according to the author’s 
theory, similar effects might be produced by mechanical vibra¬ 
tions, as by heat, for any excitation of the molecules to a 
sufficient extent must give rise to phenomena of the kind 
described. 

The results obtained may be formulated in the following 
statement :— 

If a body is traversed by an electric current in the positive 
direction, it will give rise to a series of pairs of oppositely- 
directed -currents in the neighbourhood of any molecule, and 
each of these currents will be equivalent to a luminous vibration 
of definite wave-length. The body will be paramagnetic, when, 
in consequence of internal absorption, the excess of the right- 
handed current over the left-handed one is positive; and it will 
be diamagnetic if this excess is negative. 

When a body is magnetized the internal energy of its mole¬ 
cules is increased, and therefore it will become heated—a result 
which is in agreement with observation. The magnetic satura¬ 
tion will increase as long as such an increase of internal energy 
can continue; but the limit of saturation will be attained when 
the molecular impacts have excited currents of the same kind 
as those which were absorbed, and of equal intensity. 

The author explains permanent magnetism by assuming that 
the molecules of steel can have internal vibrations more easily 
excited by molecular impacts in some directions than in others. 
Suppose the sensitiveness to be very small in the direction of the 
axes of the molecules and very great in perpendicular directions, 
then vibrations perpendicular to the axis will be the most easily 
excited by magnetization, and will be transformed into circular 
vibrations. The planes of these circles will, in general, be inclined 
obliquely to the axis, and therefore every molecule will give rise 
to several circular vibrations in its neighbourhood, and the 
centres of these circles will lie upon a straight line nearly coin¬ 
ciding with the axis of the molecule. Every such circular 
vibration will be equivalent to a small magnet with its axis 
perpendicular to the plane of the circle, and the poles of these 
magnets lie in a straight line. There is therefore a molecular 
rotation in the direction indicated by Weber’s theory. Again, 
when the axes of all the molecules haye become parallel, there 
will be more frequent collisions between neighbouring molecules 
in a direction perpendicular to the axes than in the direction 
parallel to them. The critical relations will therefore be excited and 
communicated to the ether, giving rise to circular currents, which 
will again be partially absorbed. The magnetization will be 
permanent when the mutual action of the molecules and the 
ether is a steady one. This stationary motion requires a certain 
supply of external energy, which is continuously transformed into 
small vibrations of the molecules about their positions of equi¬ 
librium. It is an experimental fact that when this supply of 
energy is considerably diminished by cooling the magnet to a 
sufficient extent, the magnetism is greatly weakened. 

According to this theory, the amount of light absorbed will 
be equal to the amount emitted, but the latter will have a diff- 
ferent vibration-period from the former, since T may be different 
from T 1 and T 2 , and the critical vibrations most easily excited 
by the molecular collisions will in general be of different period 
from those which are most easily absorbed. Therefore rapidly 
succeeding molecular impacts may give rise to luminous vibra¬ 
tions, the periods of which may be different from those proper 
to the molecules. 

§ 19. Lorenz's and Maxwell’s Electro-dynamic Theories of 
Light. 

The author observes that he has preferred to base the explana¬ 
tion of electrical phenomena upon those of optics rather than the 
reverse, because optical phenomena are much more completely 
understood than electrical phenomena, Lorenz and Maxwell 
both endeavoured to explain optical by means of electrical 
phenomena. Lorenz 1 bases his speculations upon the resem¬ 
blance between the differential equations of the motion of 
1 Poggendorff's Anna ten. vol. cii. 1856. 


electricity and those which represent vibrations of the ether? 
which can be made identical by the introduction of certain very 
small terms. His theory has not been sufficiently developed to 
admit of its application to the discussion of any definite problem. 
He comes to the general conclusion that the motions of light 
consist in electric currents, and that the latter consist essentially 
in rotatory vibrations of the ether about certain axes. In this 
point Lorenz’s theory presents a certain similarity with that of 
the author, but in the former no distinction is aisumed between 
the magnitude of electrical and luminous vibrations respectively. 

Maxwell has developed his theory to a much greater extent. 
He, too, starts from the similarity in the differential equations, 
which are different frpm those of Lorenz, and also from the 
author’s. Magnetic and electrical actions at a distance are 
attributed to the energy of an intervening medium, and explained 
by the assumption of the existence of a strain in this medium. 
The assumption of the identity of the electrically excitable inter¬ 
vening medium with the luminiferous ether receives strong 
confirmation from the fact that the ratio of the electro-magnetic 
to the electro-static unit of quantity is the same as the velocity of 
light. Maxwell arrives at the result that electrical as well as 
luminous vibrations are entirely transverse to the direction of 
propagation, but he does not obtain any further analogy between 
electrical and optical phenomena, and his explanation of the 
electro-magnetic rotation of the plane of polarization involves a 
series of complicated hypotheses respecting the action between 
matter and ether. Maxwell expressly excludes the consideration 
of molecular structure, and supplies its place by the hypothesis of 
molecular vortices. 1 A further important difference between the 
two theories is that while the author assumes that the material 
molecules suck up energy from the ether, Maxwell deduces the 
repulsive actions between two similarly charged conductors from 
an accumulation of electricity in the intervening medium, 
especially in the case of an optical excitation of the medium. He 
does not appear to have arrived at any definite distinction between 
electrical and luminous energy. 

In the preceding investigations the molecules have always 
been assumed to be of the same size. If there should be any 
great-difference in the sizes of molecules in the case of different 
substances, then the difference between optical and electrical 
phenomena would be entirely relative to the size of the mole¬ 
cules of the body considered, so that an ethereal vibration which 
would give rise to electrical excitation in one body might pro¬ 
duce only optical effects in another. The different behaviour of 
different substances with regard to light and electricity may per¬ 
haps depend partly upon this condition as well as on the values 
of the critical periods and other molecular constants. An 
interesting question which arises is, What would be the effect of 
ether vibrations neither very large nor very small in compari¬ 
son with the size of a molecule ? The author has not suceede l 
in obtaining any definite answer to this question. 

§ 20. Concluding Observations. 

In concluding the paper the author observes that the only 
hypothesis which he has made use of is that space is filled with 
a continuous elastic medium—namely, luminiferous ether, the 
density of which is so small that it may be neglected in com¬ 
parison with that of matter. The existence of this is sufficiently 
established from the known phenomena of light. 

It is not found necessary to assume a difference in the elasticity 
of the ether in crystals in different directions, the existence 
of a special force of chemical affinity, of electric or magnetic 
fluids, or of molecular vortices. 

Thomson’s assumption with respect to the constitution of 
molecules and their relation to the ether explains the most 
diverse phenomena of physics and chemistry from a single stand¬ 
point—namely, the transference of energy between the mole¬ 
cules and the ether, in obedience at every stage to the law of 
conservation of energy. 

The author then suggests that the theory may possibly provide 
a means of escape from the conclusion, known as the Dissipation 

1 Maxwell’s “ Electricity and Magnetism,” Arts. 111, 643, 794, 830, 832. 
In Art. 111 he says : “ I have not been able to make the next step—namely, ti 
account by mechanical considerations for these stresses in the dielectric.’’ In 
Art. 806 the analogy which the author deduces between a solenoid and a 
ci r c ul arly-po lari zed ray is characterized as faulty on the ground that two 
opposite circularly polarized rays do not neutralize each other, hut produce 
1 a plane-polarized ray. The author points out, however, that it is only 
I necessary that the electrical actions should neutralize one another. The 
! simple relation deduced by Maxwell between the specific inductive capacity 
I of a medium and its index of refraction does not follow from the author’s 
| hypothesis, and this relation has been shown to be only very roughly true. 


© 1888 Nature Publishing Group 






Nov. 15 , 1888 ] 


NA TURE 


67 


of Energy,” that the total energy of the universe will ultimately 
assume the form of uniformly-diffused heat of low temperature. 

The attractions between the heavenly bodies must upon this 
theory be ascribed to their being electrically excited to different 
extents, and continually sucking up electrical energy from the 
ether. When, then, any one of them loses heat by radiation, 
it will take up electrical energy which may be transformed 
within it into other forms. The sun may thus receive 
compensation for the light and heat which it emits. In this 
way it seems quite possible that the universe may really be a 
conservative system. Indeed, the sun may receive a direct 
accession of light and heat from the electrical energy diffused 
throughout space, as this would take place if it receded from 
some other star with a velocity exceeding by a finite amount the 
velocity of light. This accession would take place when the 
relative velocity exceeded a certain value, and its effect would 
be to diminish this relative velocity until the accession of light 
or heat ceased, when the velocity would again increase, as in 
the phenomena of the vacuum tube. 

The author considers that this might explain many hitherto 
unexplained changes going on in the sun, especially as it would 
necessarily involve the inequality in the intervals from maximum 
to minimum and from minimum to maximum, which is actually 
observed. It might also give an explanation of the phenomena 
of variable stars, as seems suggested by Secchi’s observation 
that all red stars are variable. 

The author states that he makes these suggestions with diffi¬ 
dence, as speculation upon cosmical phenomena based upon the 
limited data at our disposal is apt to be misleading ; witness, 
for example, the limitation to which Weber’s law was found to 
be subject. 

He points out that, if Newton’s law of.gravitation be con¬ 
sidered only as a first approximation to the law of attraction 
between the electrified bodies of the universe, then every case 
of gravitational attraction, including the weight of terrestrial 
substances, may be considered as due to electrification. The 
molecular attractive forces may also be due to the same cause.. 
The differences in the electrical excitation of the molecules of 
various substances would then play an important part in the 
phenomena of chemical combination (see footnote to § 16). 

The rigidity of a body would then be determined by the dif¬ 
ferences in the electrification of its molecules. These differences 
would naturally be determined by external circumstances, and 
would be greatest in the direction of the normals to the surface. 1 

G. W. de Tunzelmann. 


LEARNED SOCIETIES IN RUSSIA. 
a recent meeting of the French Geographical Society, M. 
M. Venukoff read a short paper on the learned Societies of 
Russia. Besides the Geographical Society, the Army Staff, 
the Academy of Sciences, and other Government institutions, 
there are in Russia several learned bodies engaged in the explora¬ 
tion of those countries which are still but little known. Though 
many of the explorers do not go for geographical purposes 
properly so called, yet these non-geographical explorers frequently 
obtain results of the greatest interest to geography. M. M. 
Venukoff is a member of many of these Societies, and at the 
outset of his paper he proceeds to name some of his colleagues 
who have in recent years rendered great service to geography; 
amongst the members of the Naturalist Society of St. Petersburg, 
MM. KorotnefF, Nicolsky, Lidsky, Vaschenko, and Kouznetoff. 
The first-named has travelled in the Malay Archipelago, where 
he has studied chiefly the invertebrate animals, but has at the 
same time made scientific observations of every kind. In the 
month of June 1887, he visited the country around Krakatao, 
where already several little hamlets have sprung up on the site 
of the town of Anjer, which was destroyed by an earthquake in 
1883. These poor huts were surrounded by a luxurious vegeta¬ 
tion, while the neighbouring portions of the sea were still covered 
with pumice-stone and altogether deserted by fish. At Billiton 
Island the traveller met the interesting tribe of Secasses, the 
fishermen of their state, who, with rare exceptions, inhabit 
floating-houses—that is, their junks—and even those among 

1 The foregoing paper in the original form is itself a very condensed 
abstract of an extensive research, the author only having a limited amount 
of space placed at his disposal in the journal in which it was published. 
This may account for the reasoning, in some parts of the paper, appearing 
somewhat general and difficult to follow.—G. W. de T. 


them who possess huts build them on the sea on piles, and never 
on terra firma. They are distinguishable from the Malays by 
their tall figure, their curly hair, and projecting cheek-bones ; 
finally, strange to say, they almost all stammer. They are a very 
honest race, gentle, kind, joyous, and hospitable, and it is said 
that robbery is unknown among them. M. KorotnefF describes 
the tides of the Sunda Sea, which are very complicated, and 
several other interesting phenomena. M. Venukoff then passes 
to M. Nicolsky, a famous Russian zoologist, who has pursued 
his researches in Lake Balkash. He assigns as the cause for 
the remarkable difference between the fish faunas of the two dis¬ 
tricts of Tchui and Ele that the basin of Lake Balkash is separated 
from the Tchui valley by plateaux and mountains of a very ancient 
formation. Besides, Balkash is 280 metres above the sea-level, 
the Sea of Aral is scarcely 50 metres, and the height of the plateaux 
between Balkash and Tchui is 370 metres at least, and so it is 
difficult to see how the two great lakes were formerly part of one 
sea. Balkash, Sassyk-Kul, Ala-Kul, and even Ebi-Nor probably 
formed, and within the modern epochs, a single vast basin of 
fresh or slightly brackish water, for their fish fauna is identical 
with that of our days. In spite of its great extent and its latitude, 
which is the same as that of Bordeaux and Venice, Lake Balkash 
freezes every year from the month of November up to the middle 
of April, and the ice sometimes is as thick as 80 centimetres. A 
fact worthy of observarion is that the steppes which surround the 
lake vary very much according to their position. Those on the 
north-west are clayey, and completely bare during the summer, 
and covered with pools in the spring ; those on the south-east 
are formed of beds of sand, in which there are no pools, but 
where water is to be found below a certain depth. Thus the 
desert in the latter case is not so dry as it is to the north and to 
the west. From the point of view of a zoologist, M. Nicolsky 
finds that the north and west of Lake Balkash are marked by 
the presence of jerboas and of larks, whilst at the south of the 
lake there are numerous reptiles and tortoises ; some hares and 
mice dwell there also, but there are no birds. M. Venukoff does 
not follow M. Nicolsky into the remainder of his report, as it 
deals chiefly with the natural sciences; but lie remarks that M. 
Nicolsky show's all the qualities of Humboldt and Mr. Wallace 
—abundance of Well-established facts, and great breadth of view 
in explaining them. M. Lidsky travelled in Karateghin and in 
part of Bokhara. Having arrived in the month of June at 
Schahrisiabz, M. Lidsky wished to journey to Hissar by the 
Sangardak Hill, but this being prevented by the snows, he was 
forced to make a detour and enter the valley of the Sourkhan by 
another route. From this vast prairies stretch away as far as the 
Oxus, inhabited not by men, but by jackals, for the waters of the 
Sourkhan flood the plain each year. In rising f;om this valley, 
he soon arrived at Garma, and then* at Karatag, the summer 
residence of the Bey of Garma, which is usually hidden from the 
heat and the fevers which prevail in Garma in the hot season. 
There, and at Fezabad, M. Lidsky saw fish the skin of which was 
of exactly the same shade as‘the water which holds them, and 
which abounds in clayey soils—that is of a red colour. Beyond 
Fezabad the traveller pushed into the high valley of Dachti- 
Bidona, which is really a plateau separating the basin of the 
Sourkhab from that of the Kiafirningan. M. Lidsky describes 
Karateghin, which is 150 kilometres in length and 50 in breadth, as 
a fertile country in its low r er parts, and thickly covered with forests 
in the mountainous regions. Unfortunately this oasis is separated 
from all the neighbouring countries by high peaks, so that the 
journey from Garma to Samarkand, for example, passes over 
Mount Pakchif, which is at least 3850 metres above the sea- 
level. The cold is so great at the top of the mountain that 
beasts of burden and even men are frequently overcome by it ; 
travellers are often compelled to throw before them long strips 
of felt, on which they walk—a singular and a very slow and 
painful mode of progression. In 1877, M. Yaschenko made a 
journey in Russian Lapland, between Kola and Kandalaschka. 
According to him the lakes of this region belong to the basin of 
the White Sea or to that of the Arctic Ocean, and have identical 
fauna ; but the terrestrial animals are not everywhere the same. 
There are places where bears abound ; there are others where 
the principal enemy of man is the glutton. In latter years the 
inhabitants have remarked that the reindeer are changing their 
habits, and are beginning to prefer the forests to the tundras , or 
spaces covered with lichens, which make their favourite food. 
The reason of this change is to seek a more favourable shelter 
from the hunters ; in the open, whole herds maybe taken, but in 
the forest it is only possible to hunt one or two at a time. 
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